Methodological Bridges for Multi-Level Systems  by Merelli, Emanuela et al.
Available online at www.sciencedirect.com
Procedia Computer Science 7 (2011) 180–182
The European Future Technologies Conference and Exhibition 2011
Methodological Bridges for Multi-Level Systems
Emanuela Merelli a, Nicola Paoletti a, Pietro Liò b
a Computer Science - School of Science and Technology - University of Camerino - Italy
b Computer Laboratory - University of Cambridge - United Kingdom
Keywords: models; multiscale; complex systems; formal methods
We are certainly flooded with data (socio-economical, biomedical, astro-nuclear physics, weather conditions, com-
munication network, land, air, naval traffic etc) and we want to use them. There is a growing tendency to use computers
to make predictions which would require constructing models. Following George Box we also know that models are
wrong but some are useful. This is particularly true when we would like to model multiscale phenomena, for example
diseases in which we investigate effects that originate across molecular, tissue, organ and organismal scale, or an epi-
demics in which the dynamics of an antibiotic at cellular level affects (and is affected by) the health and psychology at
individual level (which in turn decide on vaccination) and the dynamics at population levels. In social sciences we often
deal with matrioska of communities (it could be linguistic, economic, political, geographic, age related) embedded in
larger communities (again linguistic, economy, geographic, age related) and so on.
Here we are considering a framework based on a theoretical computer science approach, called Shape Calculus [1]
which belongs to a class of methodologies defined Formal Methods. We found these to help in expressing a large class
of biomedical and social networks models in a computational well posed and general manner, but we find the first
difficulty because beyond the multiscale framework we need to build a multi field interface framework: physicists and
mathematicians know very well about the math of modeling but they have not been trained in using formal methods
which have been developed by computer scientists firstly to address specific issues in software engineering. So we are
facing a “language” barrier that make harder solving the multiscale modeling problem. In formal methods we address
issues related to the specification, development and verification of software with particularly attention to the properties
related to high-integrity of the software, namely safety (robustness from errors, failures) and/or security. How does
this relate to modeling?
Formal methods such as the Shape Calculus compositionally organize methodologies useful to approach complex
multi scale systems. Our framework provides a powerful approach for interdisciplinary collaborations. It is of common
experience that each of us doing modeling is particularly devoted at using a single mathematical methodological
approach, for example partial differential equations, ordinary differential equations (ODE), agents based models,
Bayesian statistical inference an so on. So each method has its community. Each of these approaches has a rich
literature and despite the number of practitioners, has also strict ranges of validity. For example it may be tricky
to use ODE to model a biological system with a very small number of molecules. Till few years ago it was very
rare to see someone mastering more than one methodology. Nowadays there are attempts in combining Stochastic
Simulations (implemented as Gillespie algorithm or software Agents) and Model Checking, Bayesian inference and
Model Checking, ODE and PDE (Partial Differential Equation), and there are also Hybrid Automata. Does this mean
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hat the language barrier has been destroyed? Perhaps not; it is more likely that each community is trying to conquer
ther land by adding other methodology in a special manner. For example you would see statisticians that analyze
ayesian time series by building a ODE model of the underlying system and generating time series from simulations.
From the above list you could see that formal methods, in particular model checking is already used together with
tochastic and Bayesian modelling approaches. This has suggested us to push further and propose that formal methods
ould help guiding towards the appropriate choice of the modelling methodology for each scale the system under study
s manifesting. Formal methods make use of inductive logic and programming language semantics. To a physicist we
an say that this style although not immediately related to the discovery of natural laws will turn useful in expressing
n a rigorous way the compositional essence of the different modelling approaches making easy to describe the flow
f the data and the parameters across the scale of the system.
From a theoretical perspective we can imagine Shape Calculus as high order set of levers that pull the low order
rocedures implemented. Here we investigate the emerging behavior of connecting the Shape high levers (the tissue,
he social network) with the low lever types of gear-bevel, spur-lever, helical gear constituents, etc (the cells, the
ndividuals). From a practical perspective we found effective to describe, through Shape procedures, the emerging
ehaviors and events at each single scale as caused by the action of factors or events in other scales. For example the
udden increase in mechanical stress will generate a fracture altering the stochastic behavior of stochastic properties
f bone molecules and cells. In a social context a new technology, for example faster and more powerful computers,
ould alter the every day behavior of scientists.
The Shape Calculus is a bio-inspired spatial process calculus for describing 3D-processes moving, colliding and
nteracting in a 3D-dimensional space. A 3D-process is characterized by a 3D shape S, collecting physical and spatial
nformation (geometry, mass, position, velocity), and by a timed behavior B encapsulated inside the shape: S [B].
he composition of compatible 3D processes is modeled in a process-algebraic fashion, that is, by communicating on
omplementary channels. In addition, the Shape Calculus seems promising in the modeling of higher-level systems
uch as socio-economical dynamics or infectious disease processes; the application of a process algebraic language for
uch domains is an unexplored scientific challenge: we believe that our framework can be suitable to describe a wide
ange of complex systems, regardless their spatial and temporal scale.
We are experimenting the proposed approach to two different domains Translational medicine: application to bone
emodeling and Modeling socio economic infrastructure: the green agenda.1 In the process of Bone Remodeling (BR),
ld bone is continuously replaced by new tissue; this ensures that the mechanical integrity of the bone is maintained
nd, in healthy conditions, there are no global changes in the morphology. However, pathological conditions can alter
he equilibrium between bone resorption and bone formation; osteoporosis is an example of negative remodeling: the
esorption process prevails on the formation one and this reduces bone density, so increasing the risk of spontaneous
ractures. The bone remodeling involves osteocytes as mechanosensors, and the Basic Multi-cellular Units (BMUs)
ormed by the osteoclasts (that destroy old bone) and osteoblasts (that build new one). Tissue and whole body metabolism
mplement fine regulative mechanism acting on the within cell signaling network. Bone Remodeling is a multiscale
henomenon, since macroscopic (tissue) and microscopic (cellular) levels are closely interdependent. The multiscale
ature of the process is rendered through the combination of a low level stochastic approach with a high level algebraic
pproach, by addressing emergence of and interactions between scales. It is important to note the analogy between
he high scale bone tissue and low scale molecules and cells with respect to the Shape Calculus and its low level
mplementation. The BMU represents the emerging behavior of the collective action of osteoclasts and osteoblasts and
t is the primary building block of the tissue [2,3].
The green agenda, i.e. energy efficiency is becoming the most important issue researches on social-economical
etworks, design of optimal digital infrastructures, open internet, sensors (body and environment) need to address in
ull. To date world Internet infrastructure is know to consume 2%-10% of total power consumption. Noteworthy, the
nergy efficiency should be part of a multi-objective which includes concepts such as conservation and respect of the
uman diversity needs and richness, i.e. geographical, economic and age related communities). The combination of
he energy efficiency with the reciprocal impact of ICT on Human’s cognitive schemes has a multiscale structure that
ould be caught by interfacing the stochastic-multiagent behavior of the individuals with the infrastructure constraint
ynamic implemented in process algebra.
1 http://www.cs.unicam.it/merelli/MB.
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